Objective: Recent studies have shown that tumor cell adhesion molecules CD44 and matrix metalloproteinases (MMP-2) are expressed strongly in many tumors and associated closely with invasion and metastasis of these tumors. Although solitary fibrous tumors (SFT) have a good prognosis, a minority behave malignantly. The aim of this study was to analyze the correlation between CD44 and MMP-2 expression with histopathological parameters in SFT.
and MMP-2 (Neomarker prediluted) was performed using streptavidin-biotin method with mouse monoclonal antibody. Sections of 6µ were cut from formalin-fixed, paraffin-embedded tissue specimens and mounted on poly-l-lysine coated slides that were dewaxed by xylene, rehydrated, and finally washed in phosphate buffer (pH7.6) for 10 minutes. CD44 required epitope retrieval in 0.01 mol/l citrate buffer for 20 min in a microwave oven. Immunostaining was performed with the streptavidinbiotin complex kit (Lab Vision). After incubation with the chromogen, sections were counterstained with Harris Hematoxylin and coverslipped. The intensity of CD44 and MMP-2 staining was evaluated by light microscopy.
CD44 was localized in the cell membrane. The expression of CD44 was graded as negative (-), 10% positive cells (+); 10-50% positive cells (++); and >50% positive cells (+++) (9) .
MMP2 was localized in the cytoplasma. The extent of expression was graded as focal (50% of the cell) or diffuse (>50% of cells) (10) .
Statistical Analysis
Data analysis was performed using SPSS for Windows, version 11.5. Means were compared using Student's t and Mann-Whitney U test was applied for the comparisons of the median values. Nominal data were tested by Fisher's exact test. The degree of association between continuous variables was calculated by Spearman's "rho" correlation coefficient. A p value less than 0.05 was considered statistically significant.
RESUlTS
10 patients underwent surgical resection for 8 benign and 2 malignant SFT. There were 3 male (30%) and 7 female (70%) patients with a mean age of 54. 5 ± 11. 6 (range 30-71 years). Three patients with 2 malignant SFT and 1 benign SFT had a history of asbestos exposure. The case with intrapulmonary benign SFT was from the Cappadocia area which had erionite exposure. This patient had hemoptysis and cough. Tumor was observed in broncoscopic biopsy ( Figure 1 ). Two patients with malignant SFT complained of progressive dyspnea, cough, back pain and weight loss. Pleural effusion was observed in two malignant SFT cases. The pleural effusion was serous and exudative. Cytologic examination revealed benign features. Pleural needle biopsy did not reveal an accurate diagnosis in two malignant SFT cases. Seven cases had incidental findings. A history of smoking was present in three male patients. Transthoracic biopsy was performed for preoperative pathologic diagnosis in one case.
INTRODUCTION
Solitary Fibrous Tumor (SFT) is an uncommon soft tissue tumor, initially reported as a pleura-based lesion, but recently described in numerous sites including liver, lung, orbita, nasal passages, skin, thyroid, and gastrointestinal tract (1) . A 'patternless pattern' is the characteristic feature of the lesion. Oval or spindle cells are arranged in storiform, fascicular and hemangiopericytomatous patterns. They may contain myxoid, fibrotic and hyalinized areas. All SFT of pleura and extrapleural origin consistently express CD 34 and vimentin. Although most SFT behave in a benign fashion, some recur locally and metastasize. Malignant SFT may be cured by simple excision. The behavior of SFT is unpredictable (2) (3) (4) .
Recent studies have shown that tumor cell adhesion molecules CD44 and matrix metalloproteinases (MMP-2) are expressed strongly in many tumors and are associated closely with invasion and metastasis. CD44 is a cell surface glycoprotein expressed in lymphocytes, monocytes and granulocytes. CD44 is implicated in cell migration, lymphocyte homing and tumor metastasis (5). MMP-2, among other MMPs, primarily hydrolyzes type IV collagen, the major structural component of basement membrane. Numerous studies have shown that MMP-2 is overexpressed in various human cancers and is implicated in tumor initiation, invasion, angiogenesis and metastasis (6) . The aim of this study was to analyze the correlation of CD44 and MMP-2 expression with histopathological parameters in pleuro-pulmonary SFT.
MATERIAl and METhOD
We reviewed 10 patients who had undergone surgical resection for benign or malignant SFT. Clinical findings and follow-up information were obtained for all patients from clinical cards or directly from the patients' families. Haemotoxylin-Eosin stained sections were reexamined for evaluation of histopathological parameters (degree of cellularity, keloid type collagen deposition, perivascular hyalinization, hemangiopericytoma-like area, nuclear pleomorphism, number of mitoses, necrosis, cyst formation, and myxoid changes).
The cases were classified as benign or malignant according to criteria reported by England at al. as follows: mitotic count more than four mitoses per 10 high power field (HPF), tumour necrosis, hypercellularity, and nuclear atypia (7) . The cases were staged according to the de Perrot scheme (from stages 0 to 4) (6, 8) . All cases were stained immunohistochemically with CD34, calretinin and cytokeratin 5/6 (Neomarker prediluted). Immunostaining of CD44 (CD44Std/HCAM Ab-4, Neomarker prediluted)
Complete resection was performed in all cases. 9 cases had tumor arising from pleura (3 from the visceral and 6 from the parietal pleura). Left pneumonectomy was performed for one intrapulmonary tumor. Three cases (30%) originated from the right and 7 (70%) from the left hemithorax. 2 malign SFT cases had multiple masses and were localized in the left hemithorax. According to the de Perrot staging scheme, 5 cases (50%) were stage 0, whereas 3 cases were stage 1, and 2 cases were stage 4. Tumor size ranged from 5 to 27 cm (mean 15.5 cm) ( Table I ). Tumor diameter of malignant SFT cases was higher than benign SFT (p=0.044). Tumor diameter of SFT in female patients were significantly higher than male patients (p=0.033). The diameter of the tumors localized in visceral pleura and lung were higher than those localized in the parietal pleura (p=0.038).
Malign SFT cases showed pleomorphism, >4 mitoses/10 HPF and tumor necrosis. Keloid type collagen, hypocellular and hypercellular areas were observed in all cases ( Figure  2 ). Only one benign SFT had no keloid type collagen. Perivascular hyalinization was not observed in 5 benign SFT cases. Only one malignant SFT and 3 benign SFT cases contained a hemangiopericytoma-like area ( Figure  3 ). One malignant SFT and 2 benign SFT cases showed myxoid changes, whereas 6 (2 malignant SFT and 4 benign SFT) patients had cyst formation (Figure 4 ). Nuclear pleomorphism was observed only in two malignant SFT cases. Multiple tumor masses, pleomorphism and high mitotic activity (more than four mitotic figures per 10 HPF) were observed in malignant SFT ( Figure 5 ). Tumor necrosis was observed in 2 malignant SFT cases. All cases expressed strong CD44 in the cell membrane ( Figure 6 ). Only 2 malignant SFT and 1 intrapulmonary SFT cases (Table II) .
The postoperative course was uneventful in 9 cases. The female patient with malignant SFT died from heart failure postoperatively. All cases except one were followed-up for 13-92 (mean 47) months. Squamous cell carcinoma in the right lower lobe was detected in the male patient with malignant SFT 6 years later. He underwent inferior bilobectomy with right thoracotomy. This case was stage T2N1M0. He had chemotherapy and he is alive with no sign of recurrence. Other cases are still alive without recurrence.
DISCUSSION
Pleural SFT is an uncommon spindle cell mesenchymal tumor. The origin of SFT is controversial. Studies suggested that CD34 positive submesothelial interstitial dendritic cells may be the stem cells that give rise to SFT (11) . Specific vascular endothelial cell markers, such as VEGFR-1, Tie-2 and c-met have been reported to be expressed in SFT. These findings indicate that most SFT may be closely related to vascular or lymphatic endothelial cells (12) .
SFT make up fewer than 5% of pleural tumors (13) . Despite their rarity, it is important to differentiate them preoperatively from malignant localized mesotheliomas. CD34, calretinin and cytokeratin 5/6 immunostaining in addition to gross, histologic and clinical findings are usually effective in distinguishing most pleural spindle cell tumors.
In this study, all cases were positive for CD34 but negative for calretinin and cytokeratin 5/6.
We observed female predominance. Most of our cases were in the fourth to sixth decades. This finding is similar to the literature. Asbestos exposure was not observed in the literature but 3 patients (30%) in the present study had asbestos exposure. This finding may be explained by the frequency of environmental asbestos exposure in Central Anatolia. It is also interesting that, the case with intrapulmonary SFT is from the Cappadocia area. Intrapulmonary SFT associated with erionite exposure has not been reported previously.
Hypertrophic pulmonary osteoarthropathy and hypoglycemia have been reported with SFT (1). However, these symptoms were not observed in this study.
A definitive diagnosis for intrapulmonary SFT can be made by bronchoscopic biopsy with the help of immunohistochemical assays. Transthoracic fine-needle aspiration biopsy can be a useful diagnostic procedure in unresectable tumors. However, diagnosis of pleural SFT can rarely be achieved before surgical resection (14) .
SFT usually presents as a solitary mass. In the present study two malignant SFT cases had multiple masses. The median tumor size was 15.5 cm (range 5-27 cm). A diameter higher than 10 cm was related with a lethal course and recurrence (15) . A high mitotic index revealed poor prognosis. Neither diameter nor high mitotic count was related with prognosis. In our cases, we often observed keloid type collagen, and hypocellular and hypercellular areas. We did not observe any keloid type collagen in one benign SFT case. Nuclear pleomophism was observed in two malignant SFT cases. In 3 benign SFT cases, the mitotic count was higher than 4. Myxoid changes in SFT are uncommon. In this study, we observed myxoid changes in one benign and 2 malignant SFT cases.
Watanabe et al. reported a case with synchronous malignant SFT of the pleura and adenocarcinoma of the lung (16).
We detected pulmonary squamous cell carcinoma with malignant SFT in a male patient 6 years later. He had a history of asbestos exposure and smoking. These are risk factors for lung carcinoma.
Data in the literature show that the de Perrot stratification of SFT is a reliable prognostic indicator (14) . In this study, neither England criteria, de Perrot stratification nor histopathological and immunohistochemical findings were related with prognosis.
The best treatment of benign and malignant SFT is complete surgical resection. In our series, complete surgical resection was performed in all cases. Sporadic mutations in platelet-derived growth factor receptor (PDGFR), and immunohistochemically PDGFR and hepatocyte growth factor receptor were detected in SFT (14) . Specific inhibitory molecules were suggested in metastatic SFT treatment.
An important matter for discussion is the malignant potential of these tumors because they may recur locally and even metastasize to distant sites (17, 18) . Malignant SFT was classified according to England criteria but benign SFT may invade the intercostal muscle or may recur as malignant SFT (2, 3) . Some markers were suggested to be potentially useful to determine the prognosis of SFT. Sun et al. suggested that bFGF and Ki67 were diagnostically relevant for the evaluation of malignant solitary fibrous tumor (19) . P53 positivity was observed in malignant PSFT whereas CD34 positivity was low (20) . Cytogenetic data on pleural SFT are sparse. A 48,XY,+8,+8, del(9)(q22q32) karyotype was reported in a case of recurrent malignant SFT (21) . The most frequent defects in benign SFT of the pleura were losses on chromosomal arms 13q, 4q and 21q. Significant gains at chromosome 8 and 25q were observed (22) . Cytogenetic analyses revealed multiple chromosomal aberrations such as deletions (9) (q21qter) and a marker chromosome ish der (9)(ABL+) in a malignant pleural SFT (23) . These findings support that a gene on 9q22 might be involved in the pathogenesis of SFT.
Adhesion molecules play an important role in tumor metastasis. CD44 is expressed in a wide variety of cell types, including leukocytes, alveolar macrophages, fibroblasts, vascular endothelial cells and various tumor cells. Leukocytes predominantly express CD44H, which is an 80-90 kDa glycoprotein sometimes referred to as the standard form (CD44s) (5) . CD44s expression correlates with prognosis of soft tissue sarcomas and therefore may have a pathogenetic role in tumor progression (9, 12, 24) . However, loss of CD44 expression in gastrointestinal stromal tumors was associated with significantly increased tumor size and proliferation (9) . The CD44 immunoreactive site in soft tissue sarcomas was dominated by either the cell membrane or the cytoplasm (25) . In our analysis, membranous expression was accepted as a positive pattern. All of our cases expressed strong membranous CD44s.
Only CD44 with membranous expression may work as an adhesion molecule for tumor metastasis. However this was not different between benign and malignant SFT in the present study.
Matrix metalloproteinases (MMP) are enzymes which perform a homeostatic role in mesenchymal tissue and function in both tumorigenesis and metastasis. MMP are capable of degrading almost all extracellular matrix components with MMP-2 particularly degrading basement membrane type-IV collagen. Despite the importance of MMP activity in carcinomas, little is known about the role of MMP-2 expression in soft tissue sarcomas. MMP-2 expression was associated with poor prognosis and less favorable histological grade in soft tissue tumors (26) . Roebuck et al. demonstrated endothelial MMP-2 activity as an essential process that supports the requirement for increased substrate supply for an expanding cell population in sarcomas (10) . Our results showed that 2 malignant SFT cases with multiple masses and one intrapulmonary SFT case had MMP-2 positivity. Endothelial MMP-2 activity was observed in intrapulmonary SFT.
Our results suggest that CD44 positivity is not associated with England criteria. However, MMP-2 expression is correlated with England criteria.
